Abstract: One of the chromatographic fractions of an extract from Bellis Perennis has been analyzed using NMR. The major component of the fraction has been identifi ed to be a novel triterpenoid saponin:
Introduction
Bellis perennis (common daisy) is a widespread plant. It has been used in traditional medicine for treating wounds, catarrh, rheumatism, arthritis, liver, kidney and respiratory tract disorders (Grieve 1982; Chevallier 1996; Dobelis 1989) . The plant has recently been an object of several phytochemical studies Morikawa et al. 2008; Li et al. 2005; Schöpke et al. 1991; Gudej and Nazaruk 2001; Avato and Tava 1995) . These studies indicated the presence of a variety of triterpenoid compounds, especially saponins. The occurrence of saponins in the plant kingdom was summarized by Vincken et al. 2007 . An extraction followed by a chromatographic separation was performed by the group of Didem Sohretoglu. One of the fractions showed strong antitumor activities (Sohretoglu et al. 2012) . This fraction was the object of our NMR structural analysis.
Materials and Methods
Approximately 3 mg of white powder were dissolved in CD 3 OD. The sample was placed into a 5 mm NMR tube. The sample was measured on two 600 MHz VN-MRS spectrometers, one equipped with a standard indirect detection triple-resonance probe (Faculty of Chemical and Food Technology, Slovak University of Technology) and the other equipped with a 13 C enhanced indirect detection cold probe (Institute of Chemistry, Slovak Academy of Sciences). A series of 1D and 2D spectra was measured including variations of the HSQC, HMBC, TOCSY, ROESY and DOSY experiments. All spectra were measured at the temperature of 25 °C. A broadband proton spectrum was measured with an acquisition time (at) of 1.7 s and a relaxation time (d1) of 1 second. A multi-frequency suppression (residual HDO and the CD 2 H and OH group from methanol) was then performed with the PRESAT sequence with presaturation time d1 set to 2s. The carbon spectrum was measured with at = 1.1 s and d1 = 1 s. Backward linear prediction was used to eliminate the problem with pulse ringdown, which occurs on 13C enhanced cold probes because of a high Q-value of the resonant circuit. The spectral widths for 2D spectra were optimized from these 1D spectra. The relaxation and acquisition times were 1s long in all 2D experiments except of HSQC, where the acquisition time was shortened because of carbon decoupling. Forward linear prediction was used in the f1 dimension with 512 basis points and 512 predicted points. The Fourier number in the f1 dimension was 4096. The delays for antiphase creation in HSQC were optimized for a J-coupling of 140 Hz. Two HMBC spectra were measured with the delays optimized for 8 Hz and 3 Hz couplings. Two TOCSY spectra were measured with spin lock times of 20 and 100 ms. The ROESY spectrum was measured with a mixing time of 500 ms. The HMBC, ROESY and one of the TOCSY spectra were measured with solvent presaturation.
Results and Discussion
The proton spectrum of the sample itself (fi gure 1) was not amenable to the structural analysis, but was rich in information about the purity of the sample and the size and complexness of the molecule. Almost no peaks were directly identifi able because of signal overlap in the whole spectral range. Weak multiplets (peak intensities about 10 % of the peaks of the major component) with similar chemical shifts and multiplet structures as the dominant peaks were present in the spectrum indicating the presence of similar structures or isomers in the sample. The spectrum was very crowded in the aliphatic region with several singlets in the upfi eld region. The presence of a larger number of multiplets in the region of 3-4 ppm was a good indication of the presence of saccharide units. The carbon spectrum (fi gure 2) carried the information about the size of the molecule in two ways -the number of signals was high and there was only a slight NOE enhancement of protonated carbon signals. This is caused by the distribution of inner motions of the molecule -precisely by the lack of motions at the cross-relaxation frequencies, because of the high mass of the molecule. The HSQC spectrum was one of the key steps in the analysis. It was possible to compare the chemical shifts of some one-bond C-H pairs and quarternary carbons with available literature data Morikawa et al. 2008; Li et al. 2005; Schöpke et al. 1991) and get a basic idea about the possible structure of the molecule. Six methyl group resonances at δ H = {0.80, 0.88, 0.91, 0.95, 1.33 and 1.39 ppm} and δ C = {16.5, 31.9, 13.4, 23.6, 17.0 and 25.7 ppm}, an olefi n resonances at δ H = 5.34 ppm and δ C = 122.1 ppm and the presence of 8 CH 2 groups in the aliphatic region indicated, that the molecule is probably a substituted saponin. Usually, the next step in the structure elucidation would be the identifi cation of spin systems, but the signal overlap in the aliphatic region and the type of the structure (very short spin systems separated by quarternary carbons) rendered this step impossible. Therefore a different approach was used -to examine a larger number of possible backbones and fi nd out, which of them (if any) is in agreement with our structure. Some of the chosen structures differing with only a few groups are depicted on fi gure 3. The double bond present in all structures was chosen as a well defi ned starting point for structural analysis. The backbone elucidation was then done by combining all 2D methods. It consisted of the identifi cation of a coupled spin system, then "jumping" to the next spin system, identifying it, etc. The methyl groups were distinguished mostly from the HMBC spectra. An example of the identifi cation of two methyl groups is shown on fi gures 4 and 5. The next step would be identifying the methyl group 25 in the same fashion -fi nding which singlet in the proton dimension shares the correlation with carbon 9. After repeating several similar steps the backbone structure of the aglycone part of the molecule was eventually identifi ed and it was found, that it is identical with the structure shown in the fi gure 3c. The next problem was the identifi cation of the substituents attached to the aglycone part of the molecule. Several correlation "networks" Fig. 3 . Structural backbones as candidates for the analyzed structure selected after the analysis of the HSQC spectrum.
were visible in the TOCSY spectra. The correlation multiplets of the cross-peaks were resolved good enough to determine the coupling constants. For the sugar units in their pyranose form, these are usually suffi cient to identify monosaccharide units unambiguously. An example of a TOCSY network is shown on fi gure 6. In the TOCSY spectrum it was possible to identify the whole sugar spin system even for the sugar unit with its anomeric proton completely overlapped by the strong signal of water, which was suppressed by presaturation. It was possible because of the coherence transfer from the neighboring protons to this anomeric proton).
Using the information from the TOCSY spectra straightforward and unambiguous identifi cation of 5 sugar units in the pyranosyl form was possible. However the identifi cation of the last sixth was trickier as the unit exhibited 1 H-1 H coupling constants, which were diffi cult to interpret, and unusually high proton and carbon chemical shifts and a CH 2 group with only small differences of proton chemical shifts. These data suggested that this unit is a pentose sugar in furanose form. Our conclusion is in accord with the literature data (Mizutani et al. 1989 ). The remaining step in the structural analysis was to connect the monosaccharide units and the aglycone. The connections were mostly found by the HMBC Fig. 5 . Comparison of two HMBC slices -the methyl group 27 (mentioned in fi gure 4) can "share" the same correlations with the quarternary carbons only with the methyl group on the position 26 H/C δ 0.80/16.5. Fig. 4 . A slice of the HMBC spectrum capturing the long range heteronuclear correlations of the protons of the methyl group 27 H/C δ 1.39/25.7. It was the only methyl group capable of having a three bond correlation with the quarternary carbon of the double bond. Since the quarternary carbons 8 and 14 are indistinguishable from the HMBC, the carbons at 41.6 and 39.5 ppm are marked by a question mark at this moment. 
Conclusion
Thanks to the applied NMR instrumentation (especially the cold probe) and the methods it was possible to identify the structure of the molecule in the sample even if the sample was low concentrated, impure and we had almost no prior knowledge before the identifi cation happened. Tab. 1. The proton and carbon chemical shifts of the identifi ed molecule.
